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ABSTRACT A MOUNTS of residual soil NO3 reflect manage-
Previously reported studies on N fertilization of sugar- ment, N fertilization, and irrigation practices and

beets (Beta vulgaris L.) in southern Idaho revealed con- influence the optimal level of N fertilizer needed for
si~erable variation. amo~g sites. in amounts of residual sugarbeets, (Beta v'ttlgaris L.) (1, 2, 3, 4, 5). The re-
~oll NO.. and N mIneralIzed durIng short-term labor~t.ory mainder of the soil derived N is supplied through
IncubatIons. Consequently. the amount of N fertilizer ... . -
needed to achieve near-maximum yields of sucrose dif. mIneralIzatIon of solI orgamc N (I, 2. 3, 5, II). Hence,
fered markedly. The purpose of this study was to deter. both residual NO3 and mineralizable N must be
mine the feasibility of estimating amounts of N min. measured to evaluate differences in N-supplying ca-
eralized in the root zone during the season, taking into . . .1 T h. 1 b d daccount site variations in temperature and soil water paCltles am~ng SOl S. lS. .laS een emonstrate
regimes. Residual soil NOj--N and mineralizable N to clearly by Carter and assoCIates (1, 2, 3) based on
a.ppr~ximate rooti~g ?ept~ were estimated .r°r 21 f.ield extensive field studies involving N fertilizer rates with
s~tes in 1971 and SIX sItes in 1972. The relative contnbu- irrigated sugarbeets.
tlons of these two N sources to total N uptake by the crop, in the absence of applied fertilizer N, were then Amounts of mmerahzabl.e N potentially available

assesse.d. Estimates of N min~ralized in the upper 45- to the crop may be assessed by various means. Car-
cm soil la~er for each ~uccessl,:e month, AN, ?ver a 6- ter et al. ( I ) incubated soils for 3 weeks at 30C andmonth perlod were derIved usIng the expressIon, ANI. ... .
At = kWN (k = fraction of N mineralized during each optimal water conte~t (held capaCIty). Consld~nng
month, At, adjusted for average air temperature; and W N uptake as a function of the amounts of N mmer-
=: the f'Stimate~ soil water content expre.ssed as a f~ac- alized, residual nitrate, and N supplied by fertilizer,
tlO~ of the available .water storage. capacl~Y). ~esultlng to gether with a reliable estimate of the Optimal N re-estimates of the fraction of potentially mmerallzable N. .
converted to (N03- + NH +)-N between I April and qUlrement of sugarbeets (5.5 :t: 0.5 kg/metric ton),
30 September ranged from 0.'15 to 0.22 (mean:!: S.D. = these investigators and their coworkers (1, 2) devel-
0.18 :!: 0.02) in 1971 and 1972. On the a~erage, mat~re oped a procedure for predicting N fertilizer needs
suga.rbeets recovered about 7~70 of the estimated N m!n- that offers a basis for minimizin g overuse of Nand
erallzed (6 months) plus residual N03--N. The relative. .
contributions of these two sources of soil derived N re- the assoCIated adverse effects on sucrose Yield and

spectively, were approximately 66 and 7570' as estim~ted quality.
from multiple regression analyses. A I I .. I .b . not 1er approac 1 to estImatIng t 1e contn utlon

Additional intf~x words: Te~perature, Soil water con- of N mineralization of soil organic N has been Sltg-
tent, N use efficiency, N requirement. gested by Stanford et al. (II). The potentially min-

eralizable N, No, considered as a more or less discrete
fraction of total organic N, is estimated from amounts

lContribution from the ARS, USDA, Beltsville, MD 20705. of N mineralized in successive incubations (8, 12) and
Received 30 Aug. 1976. is an estimate of the amount of N that will mineralize

2 Soi! scientists, Agricultural Environmental Quality Institute, in infinite time under optimal temperature (3:)C)
BeltsvIlle. MD 2070.'i. d . 1 .1 ( . 1 f. Id:1 Soil scientist~. Snake River Conservation Research Centre, ;In optima SOl water content approximate)' Ie

Kimberly, ill 83341. capacity). The Ulineralization potential, No, ma)' pro-

~n~
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-u .20 Table 1. Estimation of percent of No (mineralization poten-
.~ tial) mineralized based on average monthly temperature and
~ soil water regimes (site 7, 1971).
.. .15c ..c~ C No
0 0

Z ~ 10 Present Remaining after Mineralized- ..' Month. 1971 k W initially (N) each month per month
0 ..
c Co %
0

.~ .05 Apr. 0.033 0.60 100 98 2.0
0 May 0.047 0.53 98 95.6 2.4

.t June 0.053 0.67 95.6 92.2 3.4
II July 0.080 0.64 92.2 87.5 4.7

~ 0 0 10 20 30 ~ o Aug 0.088 0.74 87.5 81.8 5.7

~ Sept. 0.045 0.73 81.8 79.1 2.7

Degrees Celsius Total % of No mineralized 20.9

Fig. I. Fraction of N mineralized per month, k, in relation
to temperature (k was estimated graphically for observed
average monthly air temperatures). site was sampled in 15-cm increments to a depth of 45 cm. Cor-

responding 15-cm layers for 24 cores per site were composited.
Irrigotion, Furrow . 8 hr n 2A.hr irrigolion'- l Deeper samplings of 30-cm increments were taken where the root

Roinloll, 51 0 13 3 10 1 1 1 1 zone \\'as not restricted to 45 cm by a hardpan.
10 cm- 3. . 1. . In 1972, eight irrigated N-rate experiments were conducted on

~ six soil types. Results from these experiments have been re-
~ ported (3) along with details of soil sampling methods, soil
; classification, previous crop, and surface soil properties.
.! ~ The NO. content of all soil layers was determined as de-
~ ~ scribed in earlier reports (1,2). The N mineralization potential,
D g. No, was estimated according to methods described in earlier

.< ~ 05 publications (8, 13),
-0 g Methods of obtaining yields of total dry matter (tops +
~ 0 crowns + roots), beets, and sucrose have been described (I, 2),
~ on I I I I I Total N content of dry matter ,vas based on separate determina-

.t
Ion ', Rn .ng' =W I I I tions for the tops, roots, and crowns and does not include the

OClemO11 I I . N ff ' b ' 1.
56 I 058' I 069 estimated content 0 I rous roots as was done m ear ler

0 . I . I . publications (I, 2, 3).

April Moy June July Aug. Sept

Effect of Temperature on N Mineralization
Fig. 2. An exampl~ of the graphic (grid-counting) procedure . . .' ~ . .

used for estimatIng the monthly average available water The temperature coeffICIent, Q",~ of N mIneralIzatIon I~ 2 m
supply expressed as a fraction of the water storage capacity the range of 5 to 35C (10), denotIng a two-fold change m the
(site 106, 1971). mineralization rate associated with a 10C shift in temperature,

For a given temperature, k is the mineralization rate constant
in the first order expression, -dNjdt = kN (12).

. . .. . .. In this study, we used average monthly air temperatures, re-

vide a basIs for estImatIng how much N IS mmerahzed ported by local climatological stations, as approximate estimates

during tIle crop season under specified temperature of .soi! !e~nl~erat.ures for thc perio~~ I April through 30 Septe~l-
and soil water re g imes since these factors e e t do - bel., Ihc lelat!on of.k (mont.h ) .and temperature us«;d m
.' '... x ram makIng our estImates IS shown In FIg. I. The curve depIcts a

mant Influence on mmerahzatlon rates (9, 10, II). (~1" of 2 and assumes an avcrage k-value (35C) of 0.18 month-l
Using soils from field studies (1, 2, 3, 8) on N fer- (0,045 week-1 X.4, weeks). Based on a large nu~ber of soils, the

tilization of irri
g ated su g arbeets in Idaho tl e . t - ave~'age.k for 3"C has bccn !.e~orted to be 0.0:)4 :t 0.009. We

. ., . .' 1 m ro arbItrarily chose the lower lImIt, 0.045 week-' or 0-18 month-l

gen mmerahzatlon potentials of soIls from each ex- for our estimates in this study. Using this base value, kooc =

peri mental site (before N fertilization) were deter- 0,09, k,r,c = 0.045, and kr.c = 0,023. Values of k for successive

mined by the ARS, Beltsville, Md. The purpose of average !nonth}y ai~ teJ~lperatllres were interprolate<1 ~rom ,the

this re port is to
e 'luat e the feasibili t of e t . t' c.urve (Fig. I! In estimating temperature effects on N mlnerallza-

. . ,v~ . y sIma mg tlOJI as described below.
N mIneralIzed during the croppIng season from a

knowledge of N mineralizatio.n potential, No, average Estimating Effects of Soil Water Fluctuations on
monthly temperatures, and estimates of average month- . .,
ly soil water regimes. This evaluation, based on data N Mmerahzatlon

obtained from the plots that received no N fertilizer, The N mineralization rate is linearly related to the content of
involved determining the relation between N uptake pl,al~t-availablc soil ,,'atcr in the range fro~n fiel? c.apacity. to
by sugarbeets and amounts of available soil N (resi- wlltl.ng perce!1lage. (9): Exprcssed on a.relatlve hasls, I,e., setting

. '. ., maxImum mmcrallzallon ratc and optimal water content equal
dual NO3 and estimated N mmerahzed). to one, the slope of the re~ressioJI is approximately one for

soils of differing textures and organic matter contents (9),
MA TERIALS AND METHODS for each of the sites. irri~ation dates and rainfall records 'vere

lecordtc'(l. J.hi,~ inforl1lation was uscd in c~tilnating the average
Soil and Plant N Measurements fraction, W, of available soil \\'ater pre!\cnt in the root zone dur-

in~ each ~llccc~sivc mollth, In general, we assumed that each
During 1971, 32 irrigate<I N-rate experiments were conducted irrigatic)IJ rcplcnishcd the available water sloraRc capacity, i.e.,

in ~outhern Idaho. Detailed classification, potential rooting \V = I, Effect~ of rainfall w('re cstimatcd, althouRh this con-
depth, previous crop history, and soil characteristics (pH, per- Irililition "as relalivcly sm;III, except for occasions in the first
cent N, ami percent organic matter) for most of the~c soils ,,'ere:! or 3 Inonths of the gro,,'ing ~ea~on. The value of W on I April
,.,.~""",,! .", r",."". ,,' "j (')\ ""r",... "nnl";n,, f"rlili,,'r "",'h "'it,; l";limat("l arbitr;lrily frQI11 !:I!mu!;!!iy~ !!n!~!:~~n! r~inf~!1
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Table 2. Plant comp~ition and yield data from zero-N plots Table 4. NO.-N present before planting to approximate depth

of sugarbeet N-rate experiments (Idaho, 1971). of rooting, and N mineralization data (kg/ha).

Yields N U take N mineralized
Site N UptaKe NO3-N (Apr. through Sept.)

no. Soil typet TDMtRoots Sucrose Sucrose TDM Amount N mineralization Adjusted Adjusted for
- metric tonstha- % kg/ha % Site Weather in root potential, No for soil water

7 0 3 8 1 28 no. station Depth zone (45-cm de th tern. and tom .
1 Schism sil 24.8 64.9 11.0 1 . 1 .
2 Garbuttsil 17.5 49.4 8.4 17.0 172 0.98 cm
3 Purdam sil 27.5 82.3 12.9 15.7 421 1.53 1971);; . ts
4 Greenleaf sit 20.7 63.7 9.6 15.0 318 1.53 xpenmen
6 Elijah sil 21.8 65.0 10.9 16.8 286 1.31 2 Grandview 150 83 1,022 318 228
7 Power sil 18.4 59.0 10.4 17.7 124 0.67 4 Kuna 90 200 825 232 164
8 (unknown) scl 18.6 57.2 9.4 16.4 229 1.23 6 Kuna 45 174 1,067 300 212

101 Declo sil 14.2 46.2 8.3 17.9 111 0.78 7 Emmett 90 114 643 194 135
102 Portneufsil 11.7 36.9 6.5 17.7 108 0.92 8 Caldwell 60 151 915 290 202
103 Portneuf sil 18.5 57.8 10.4 18.0 159 0.86 101 Hazelton 60 52 800 217 139
104 Portneuf sil 18.5 55.4 10.2 18.4 155 0.83 103 Hazelton 60 77 859 233 163
105 Portneufsil 18.3 46.4 8.7 18.7 194 1.06 105 Jerome 60 117 895 262 186
106 Portneuf sil 20.4 54.4 9.6 17.8 203 0.99 106 Twin Falls 60 III 859 237 151
151 Portneuf sil 18.7 52.8 8.4 16.1 258 1.38 151 Burley 45 159 1,047 269 189
152 Decker I 18.3 49.3 7.9 16.0 265 1.45 152 Oakley 60 137 1,020 268 183
153 Portneuf sil 14.0 35.6 6.0 16.8 191 1.36 156 Paul 60 36 742 193 133
155 Minidoka sil 9.6 24.4 3.7 15.2 204 2.13 157 Burley 45 99 1,045 269 187
156 Kimama sil 10.0 29.5 5.6 18.9 82 0.82 201 Minidoka 45 76 614 149 103
157 Portneuf sil 14.6 41.0 6.6 16.1 218 1.50 202 Minidoka 150 184 668 163 112
201 Portneufsil 15.7 43.2 7.4 17.1 171 1.09 204 Aberdeen 45 66 847 206 154
202 Neeley sil 14.5 46.9 8.8 18.9 128 0.89 205 Aberdeen 60 136 856 209 148
203 Declo I 7.8 22.8 3.8 16.9 151 1.94 206 Aberdeen 45 192 899 219 156
204 Broncho I 15.9 38.6 6.9 18.0 226 1.42 207 Aberdeen 60 202 1043 253 175
205 Portneuf sil 16.5 50.3 7.9 15.7 253 1.53 208 Aberdeen 150 243 1:020 248 168
206 Portneufsil 16.7 48.5 8.4 17.4 265 1.58 211 Aberdeen 45 57 879 217 132
207 Declo sil 19.0 55.6 8.8 15.9 279 1.47
208 Ammon sil 19.6 60.3 9.8 16.3 292 1.49 1972 Experiments
209 Pancheri sil 19.5 52.2 8.2 15.8 308 1.58 P20 Caldwell 60 130 695 216 144
210 Pancheri sil 18.0 51.1 8.9 17.4 285 1.58 P21 Caldwell 60 130 839 261 169
211 Bannock I 16.9 48.7 8.7 17.9 165 0.98 PlIO Hazelton 60 128 912 247 171

. .. . . PIll Twin Falls 60 18 787 214 157
t For detailed classification of solis, see Soli Senes of the UnIted States: ~helr P160 Burley 60 66 937 240 162
Taxonomic classification. Soil Conservation Service, USDA. Aug. 1972. SIte J P220 Aberdeen 60 50 776 186 123
received 110 kg N/ha in June; site 3 probably received N fertilizer; site 102 had P222 Aberdeen 45 49 952 228 155
poor stand and was severely cultivated late in season; site 104 received about 30
kg Ntha in irrigation water in Aug.; sites 153 and 155 included several adverse un-
identified conditions; site 203 had uneven stand because of root maggots; site
209 received manure. after soil sampling t Harvested root, crown, Estimatin g Combined Effects of Tem perature
and tops (excluding fIbrous roots).

and Soil Water on N Mineralization

Table 3. Plant composition and yield data from zero-N plots. Estimates of the c~lmulativ~ fraction of No mineralized dur-
f b t N t . t (Id b 1972) mg the 6-month Period, April through September, were based0 sugar ee .ra e experlmen s a 0 . . d . d f .

, on monthly averages of air temperature an estimate ractlon
of available water storage capacity as indicated above. Estimates

Y. Id N U tak of amounts of N mineralized during each month, ~N, were ob-
Site Ie s P e tained from the rate expression, ~N/~t = kWN. The factors,
no. Soil typet TDMt Ro~ts Sucrose Sucrose TDM k and W, were explained earlier. Initially, N = No (No is the- - ;;;etrictonstha- % kg/ha ~ N mineralization capacity of the 0- to 45-cm soil layer). For

. convenience in calculations, No initially is assigned a value of
P10 Truesdale I 18.6 59.9 9.9 16.5 234 1.26 100. During the first month, as illustrated in Table I, kWN =
P20 Bahamvfsl 23.0 70.6 12.2 17.3 245 1.05 . h N . d d b . hP21 Power sil 21.8 64.7 11.2 17.4 251 1.15 2.0 (last. column). For succe~slve ~ont .s, 0 I~ re uce ) t e
PlIO Portneuf sil 20.3 58.3 9.6 16.4 265 1.30 cumulative amount of N mIneralIzed m prevIous months. In
PIll Portneuf sil 11.7 40.0 6.6 16.5 105 0.90 the example given (Table I), the cumulative fraction of No
P160 Declo I 14.9 44.5 7.7 17.4 155 1.04 mineralized during 6 months was 0.209. To estimate N actually
P220 Portneuf sil 11.8 37.4 6.7 17.9 109 0.93 mineralized, this fraction was multiplied by No, e.g., 643 kg/ha
P222 Pancherisil 14.5 39.9 6_6 16.5 214 1.48 X 0.209 = 135 kg/ha (site 7, 1971).

t See first footnote in Table 1. Site P10 had insufficient irrigation in July and
Aug.; site P160 had variable stand. + Harvested root, crown, and RESULTS AND DISCUSSION
tops (excluding fibrous roots).

Yield of roots, sucrose (percent sucrose X yield of
. . roots), and N composition of total dry matter (TDJ\I)

for january, February, and March. Among sites, the range m "Ire presented in Tables 2 and 3. As indicated in foot-
antecedent ramfall wa$ 5 to 14 cm in 1971 and 1972. 'I'he cor-' I f I f I .
rt'Sponding initial values of W "ere considere<1 to be 0.5 and notes, r~su ts rom severa 0 t 1e experiments ma~'
0.8, and intermediate vallics of W on I April for each site were be questionable, although, as shown later, these data
c~t}lIIated by aSSI!III!ng a !in~ar rela.ti~n between. antecedent were ltseful in establishing the optimal N content
ramfall and W wlthm the Indicated limits. In the mterval be- of sugarbeets for maximum yield.
t"'e(~n irrigation~, we a~$umed 70('/0 depletion of the available ".ater pre~ent after the preceding irrigation. In Table 4, locations of climatological stations

The graphic procedure II~ed for e~timating W is illustrated closest to the experimental sites are givell. :\le.m .tir
in fig. 2. Mol1ths are. delilleated ?). ver~ical dash.ed lil1cs. E.sti- temper.tture and rainfall recorded at these statiolls
lIIat(.s of "'ater r('plenl$hn~e~t by Irrigation or ;amf:111 ,\~'ertlc~! were used in adjustillg N milleralization v.tlues. Also
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IO~ Table 5. Cumulative percentage of potentially mineralizable
i N mineralized during 6 months (Apr.-Sept.) as affected by
,1, average monthly fluctuations in temperature and available
"0 8 Y=3.88X-0.50 r=0.97 soil water.

c
0 % of No mineralized, corr..cted for:: 6 5.5 kg N/mT
.~ - Temp. and
i Site no. Temp.. T soil water. S
E
';:;. 4 I 1971- ./ I ~ .1971 2 31.2 22.3
.,- ~.( -1972 4 28.1 19.8~: 6 28.1 19.8
c. 2 / 7 30.1 20.9
=> I. 8 31.7 22.0
Z :,.",-1.55% N 101 27.2 17.4

0 103 27.2 18.9
0 0.5 1.0 1.5 2.0 2.5 105 29.3 20.8

Percent N in Total Dry Motter 106 27.5 17.6
151 25.7 18.1

Fig. 3. N uptake (kg/metric ton of beets) in relation to per- ~~~ ~::~ ~~::
cent N in total dry matter. 157 25.7 17.9

201 24.3 16.7
202 24.3 16.7
204 24.3 18.1

depths of sampling. These depths approximate the ~g~ ~1:~ ~~:~
root zone and differ because of a restrictive hardpan 207 24.3 16.8
la yer of varying depth among sites 208 24.3 16.5. 211 27.2 15.1

1972 S.D.t (2.4) (1.9)
Degree of N Sufficiency as Revealed by N Uptake P20 31.1 20.7

C I (I) h bl ' h d h . P21 31.1 20.1

arter et a. , ave esta 15 e t at maXImum PlIO 27.1 18.7

yield of sucrose or total dry matter is associated with PIll 27.2 20.0
I k f . I 5 5 k f N f P160 25.6 17.3

a tota upta e 0 approXImate y. g 0 jton 0 P220 24.0 15.8
beets. This observation offers a direct means of de- P222 24.0 16.3
termining the degree of adequacy of soil derived N S.D.t (3.0) (2.0)
as it varies among sites (Fig. 3). Here, the data from t S.D. - Standard deviation.

all sites (see Tables 2 and 3) were used to depict the
regreision of kg Njmetric ton on percent N in the . . .
TDM for 1971 and 1972 zero-N plots. Since the re- ent~y was 430;0. The r~ma1rnn't;; N 1.n the cr.op was
gression coefficients for 1971 and 1972 did not differ denv.ed largely from soli N mmerahzed dunng the
significantly, only the pooled regression is shown in growmg season.
Fig. 3. As estimated from the pooled regression, 5.5 The amount of soil N mineralized in the course of
kg Njmetric ton corresponds to 1.55 percent N in the the season is dominantly influenced by temperature
TDM. This percentage of N, associated with near and soil water content, as mentioned earlier. These
maximum yield, is close to the value of 1.6% esti- effects were estimated as outlined in Table 1, based on
mated from California results (7). In comparing suc- monthly adjustments derived from average air tem-
rose yields and percent N (Tables 2 and 3), it be- peratures and estimated average fractions of potential-
comes evident, therefore, that the soil N supplied by Iy available soil water present during each month.
most of the sites was inadequate for maximum yield The estimated percentages of No mineralized from
of sucrose. Near adequacy of N is indicated for sev- April through September are shown in Table 5. In
eral sites, associated with a broad range (6 to 10 met- 1971 and 1972, sites 2 through 21, 101 through 160,
ric tonjha) of attainable sucrose yields. From com- and 201 through 222, respectively, occurred in the
bined results for 1971 and 1972, the regression of western, central, and eastern sections of southern
"percent N in TDM" on "percent sucrose" is % Idaho bordering the Snake River. Corresponding
N = 5.2 to 0.24 percent sucrose (r = -0.71). average N mineralization percentages (:t: standard

deviation) as influenced by temperature alone, were
Contribution of Residual Nitrate and Mineralizable 30.0 :t: 1.5 (eastern), 26.~ :t: 1.1 (central), and 24.?

. :t: 0.9 (eastern). Thus, dIfferences among geograph1-
SolI N to Plants cal locations account for much of the overall variation

In 1971 the amounts of residual NOa-N estimated in temperature effects on N mineralization.
for sites given in Table 4 ranged from 36 to 243 kgj In both years, total N uptake was correlated signifi-
ha (average, 127). Corresponding ranges for total N cantly with amounts of NOa-N in the root zone (Ta-
uptake (Table 2) were 82 to 318 kgjha (average, ble 6, rYI)' . In. ~971 and 1971-72 co~bined, N upt~ke
209). Assuming complete recovery, an average 61% also was slgrnf1cantly correlated wIth No and wIth
of total N uptake might be attributed to residual estimated N mineralized (Table 6, rY2). Because the
NOa. In 1972 (Table 4) root zone NOa-N ranged variables, XI and X2, are not strongly related (col-
from 18 to 130 kgjha (average, 82) and N uptake umn rI2), their independent contributions to Y (N
rr-J-!~ 9\ ~~~~~d {~,,- !nb ." 96b "rT/I.,... I,..""r,.rT" ""t,.""\ ("'On I.", ",,'OJ,,'Oter! with re'Osnn'lhle rnnfirlf'nrf'
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a I Itles 0 t e two sources 0 SOl I not 1 er State Univ. Press, Ames, Iowa.
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